Objective: To describe the nutritional status of schoolchildren from a rural area of Tanzania, with a particular emphasis on older adolescents to determine the timing of the growth spurt and differences by sex. Design: A cross-sectional survey using a randomly selected sample. Subjects: Six thousand eight hundred and one children aged 7 ± 18 y randomly selected from those enrolled in standards 2 ± 5 in 59 primary schools in Magu District, Tanzania. Results: Overall, 52.5% of children were stunted and 43.0% were underweight, with signi®cantly more boys stunted and underweight than girls. Z-scores of height-for-age for both boys and girls decreased progressively between 7 and 12 y. After 12 y the height-for-age z-scores of girls show a marked upturn, whilst z-scores for boys continue to decrease throughout the school-aged years until 16 y when a slight upturn is observed. Anaemia (Hb`120 gaL) was present in 62.6% of children, with the prevalence decreasing with age. Anaemia improved throughout the school years for boys, but did not for girls. Age, sex and hookworm infection were signi®cant predictors of anaemia. Conclusion: Stunting and anaemia are exceptionally common conditions in African schoolchildren. The ®ndings highlight important differences between boys and girls, which are suggestive of compensatory growth at 12 y for girls and at 16 y for boys, although it remains unclear whether boys will catch up in height at older ages. Sponsorship: Funding was provided by the Wellcome Trust.
Introduction
The nutritional status of schoolchildren in developing countries has received little attention, with the focus on pre-school children. Recently this absence of data has been reversed with an increasing number of published surveys among schoolchildren in Africa (Cameron et al, 1994; Partnership for Child Development, 1998a, b; Simondon et al 1998; Stoltzfus et al, 1997a, b) . These studies have shown a trend for stunting to increase with age, suggesting that linear growth is retarded and that stunting is persistent throughout the early school-aged years. Moreover, these studies have demonstrated a reduction in stunting among older girls at an age when the prevalence of stunting amongst boys is progressively increasing. This is thought to be a function of differential drop out of relatively disadvantaged girls leaving better-nourished girls in school (Partnership for Child Development, 1998b) or due to age-speci®c differences in catch-up growth between the sexes (Simondon et al, 1998) . A reduction in the prevalence of anaemia throughout the school-aged years has also been observed, with more boys than girls being anaemic in the younger years, but anaemia becoming more common girls during adolescence (Stoltzfus et al, 1997b) . Although previous studies report similar trends by age and sex, the timing of the growth spurt, especially among boys, remains ill-de®ned due to the relatively small sample size among older adolescents.
It is important to understand the patterns of undernutrition during the school-aged years because poor nutritional status in schoolchildren may have long term consequences for entry into school, learning, educational performance and productivity (Partnership for Child Development, 1999; Bundy, 1997; Nokes et al, 1998; Guyatt, in press; Spurr, 1988) and for girls have implications for future pregnancies (Garn et al, 1981) . Moreover adolescence is considered to be a phase when in favourable environments stunted children can catch up on earlier growth de®cits (Kulin et al, 1982; Golden, 1994) . The occurrence of growth faltering during the school-aged years and the timing of catch-up growth has important implications for the timing of provision of preschool and school-aged nutritional interventions (Martorell et al, 1994; Rivera et al, 1995) .
This paper provides further cross-sectional evidence on the anthropometric status of African schoolchildren. The aim of the present study is to document the nutritional status of schoolchildren aged 7 ± 18 y from a rural area of Tanzania, with a particular emphasis on adolescents. Previous studies have shown that a majority of children in basic education in sub-Saharan Africa are in the adolescent age group (Partnership for Child Development, 1998c) . Data are presented describing changes in anthropometric status by age, with particular focus on differences by sex and the timing of the growth spurt. In addition, data on anaemia are presented to assess how anaemia changes in relation to changes in growth patterns. Since previous studies typically report small sample sizes for older adolescents in which the growth spurt occurs, this study was designed to capture the entire school age range.
Methods

Study population
The study was conducted in Magu District in Mwanza Region, Tanzania, which is situated adjacent to Lake Victoria. The children were recruited from all schoolchildren attending 59 randomly selected schools. In each school, between 100 and 120 children in standards 2, 3, 4, and 5 were selected randomly for nutritional assessment. The study area and sampling methods are given in detail by Lwambo et al (in press ). In brief, a topographical map of Magu district was divided into 20 squares equal in size and 3 schools were chosen from each square to give a total of 60 schools. If some schools were clustered then only one school was selected from the cluster, and others selected from elsewhere in the square. This was done to ensure spatial heterogeneity. In each school, 120 children in standards 2, 3, 4, and 5 were selected randomly for parasitiological and anthropometric examination. Many of these rural schools were small, and this compounded by average attendance rates of 75%, meant that in many schools all children were selected to achieve the target sample size, and in some cases slightly fewer than 120 children were present, and therefore examined, at a school.
Investigations
Weight was measured to the nearest 0.1 kg on a Soehnle electronic balance (CMS Weighing Equipment, UK) with children wearing minimum clothing. Height was measured to the nearest 0.1 cm using a ®xed-base statiometer (CMS Weighing Equipment, UK). Age of schoolchildren was derived from the date of birth recorded in the school register. When no date was recorded the child was asked hisaher age. Finger prick blood samples were collected from a randomly selected 50% subsample, and haemoglobin concentration was determined by a portable digital Haemoglobinometer (Hemocue Ltd, Shef®eld, UK). Each child was asked to provide urine and stool specimens. Urine samples were microscopically examined for Schistosoma haematobium ova after sedimentation and centrifugation, and stool samples were examined for S. mansoni and geohelminth ova using the formal-ether concentration method.
Stastistical anlayses
The height-for-age and weight-for-age of each child were expressed in z-scores of the NCHS (National Center for Health Statistics) reference values (WHO, 1983) . These indices were calculated using a mid-year average because most dates of births were recorded to the nearest year (Partnership for Child Development, 1998b) . Children were classi®ed as stunted or underweight if their z-score was in excess of 2 standard deviations (s.d.) below the NCHS median for height-for-age and weight-for-age, respectively. Because of the uncertainty of the de®nition of anaemia in this age group (Stoltzfus & Dreyfuss, 1998) , the prevalence of anaemia was de®ned using two thresholds: less than 120 gaL and 110 gaL. Chi-square tests were used to test signi®cant differences in infection prevalences between the sexes. Multiple linear regression was used to determine the relationship between nutitional indices and age and sex, including interactions between age and sex. The relationship between stunting and anaemia with age, sex and parasitic infections was assessed using logistic regression, including school as a random effect to allow for variation in the prevalence of infection between schools.
Results
Parasitological and anthropometric status
The means, standard deviations and prevalences for anthropometric, haemoglobin and parasitological measurements are given in Table 1 . It is apparent that children were typically short and underweight for their age, which suggests that undernutrition is an important problem amongst schoolchildren in Magu District. The predominate helminth infections were S. haematobium (56.5%), S. mansoni (10.9%) and hookworm (37.0%), with each species signi®cantly more prevalent in boys (P`0.05) ( Table 1 ). The mean z-scores for height-for-age and weight-for-age were signi®cantly nearer the reference values for girls than boys (Table 1) . Overall, 42.5% of children were classi®ed as stunted and 43.0% classi®ed as underweight, with signi®-cantly more boys stunted and underweight than girls (Table  1) .
However, regression analysis showed a signi®cant interaction between age and sex (P`0.0001), which indicates that the difference between the sexes is age dependent. Figure 1 shows the mean values of z-scores of height-forage and weight-for-age by age and sex. There appears to be a progressive decrease in z-scores of height-for-age for both boys and girls between 7 and 12 y. After 12 y the height-for-age z-scores of girls show a marked upturn, whilst z-scores for boys continue to decrease throughout the school-aged years until 16 y when a slight upturn is observed (Figure 1a) . The pattern of divergence between the sexes after 12 y is also apparent with the weight-for-age Only calculated for below age 10 years for girls and 11.5 years for boys.
b 50% sub-sample.
Stunting and anaemia in African schoolchildren NJS Lwambo et al z-scores (Figure 1b) but is less marked. The prevalence of infection with schistosomes and geohelminths was not found to be related to anthropometric status (data not shown).
Haemoglobin and anaemia
The overall prevalence of anaemia was 62.6% using the 120 gaL threshold and 32% using the 110 gaL threshold, with the prevalence decreasing with age. In the logistic regression analyses age, sex and hookworm infection were identi®ed as signi®cant predictors of anaemia using the higher threshold (Hb`120 gaL) and a similar relationship was observed using the`110 gaL threshold (data not shown). There was a signi®cant interaction between age and sex, indicating that the difference between the sexes was age-dependent ( Figure 2a ). In the multivariate analyses for haemoglobin concentration age, sex and hookworm infection were again identi®ed as signi®cant predictors of haemoglobin concentration, with a signi®cant interaction between age and sex ( Figure 2b , Table 2 ).
Discussion
This study is part of a larger investigation of the health status of schoolchildren in Magu District, Tanzania. The parasitological ®ndings and their signi®cance have been discussed elsewhere (Lwambo et al, in press ). The nutritional patterns revealed in the present study are similar to those already described in cross-sectional studies (Martorell et al, 1994; Stoltzfus et al, 1997a; Partnership for Child Development, 1998a, b) and in longitudinal anlaysis (Cameron et al, 1994; Simondon et al, 1998) . The present results are noteworthy because of the large sample size covering a broad age range, and in particular the extension into the adolescents years.
There is a trend for z-scores for height-for-age and weight-for-age for both boys and girls to decline between the ages 7 and 12 y. We found that girls then show a marked upturn in z-score values, which is remarkably consistent with other cross-sectional studies (Martorell et al, 1994; Stoltzfus et al, 1997a; Partnership for Child Development, 1998b) . The large samples achieved in the adolescent years allows the present study to examine the situation of older boys in schools. For boys z-scores progressively decrease throughout the school-aged years Figure 2 The (a) mean haemoglobin concentration and (b) prevalence of anaemia, de®ned as haemoglobin concentration`120 gal, in boys and girls in Magu District, Tanzania by age. Vertical bars indicate 95% con®dence levels. Sample sizes in parentheses (boysagirls). Figure 1 Mean z-scores of (a) height-for-age and (b) weight-for-age of boys and girls in Magu District, Tanzania by age. The dashed line indicates the cut-off below which children were classi®ed as stunted or underweight (WHO, 1983) . Vertical bars indicate 95% con®dence levels. Sample sizes in parentheses (boysagirls).
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NJS Lwambo et al until 16 y when an apparent up turn is observed suggestive of a later compensatory phenomenon in boys. This sex difference in the age pattern is though to re¯ect differences in the underlying adolscent growth spurt, although this could only be con®rmed using longitudinal data. Among girls, it is apparent that compensatory growth in height begins to occur at 12 y. This explanation is supported by recent longitudinal data from Senegal which show that mean height of girls was characterized by progressive catch-up, with full compensatory growth occurring, whereas there was an increasing de®cit among boys with a possible upturn at 17 y (Simondon et al, 1998) . Longitudinal data from South Africa also demonstrates that the progressive decrease in z-scores is reversed in girls at 13.5 y and in boys at 15.5 y (Cameron et al, 1994) .
The present study also demonstrated that anaemia was a very common problem, affecting more than half the schoolchildren in the district. Anaemia is particularly prevalent among younger children. This is consistent with previous studies (Partnership for Child Development, 1998b; Stoltzfus et al, 1997b) and may be explained by the fact that the youngest children have recently experienced the high iron demand of early childhood. Among younger children, boys are more anaemic than girls, for unknown reasons. Among children aged 15 y and over, anaemia is more prevalent in girls than boys, a possible re¯ection of the onset of menses. An alternative explanation is that the growth spurt among girls at 12 y places a high demand on iron since growth is an iron expensive process, although one might then expect the decline in haemoglobin to occur at 12 ± 13 y and not 14.5 y as observed. Unfortunately, no information was collected on the menarche status of girls during the study to investigate this issue further.
Consistent with previous studies (Stephenson et al, 1985; Stoltzfus et al, 1997b) , we found a signi®cant relationship between anaemia and hookworm infection. No relationship was observed between schistosomiasis and anaemia, which is consistent with some other studies (Be®®-Mengue et al, 1993; Olsen et al, 1998) , but differs from others (Tatala et al, 1998; Stoltzfus et al, 1997b) . The present study was not designed to measure intensity. It is probable however, that anaemia is related more to intensity than infection status per se. Although this study did not examine dietary intake, anecdotal evidence suggests that food intake is particularly poor in this area, and may contribute to anaemia. Malaria is also endemic in the area (NJS Lwambo, personal communication) and may also be an important contributing factor to anaemia (Tatala et al, 1998; Stoltzfus et al, 1997b; Be®®-Mengue et al, 1993) .
In conclusion, this study con®rms previously observed patterns of undernutrition among schoolchildren in Africa and provides additional information about the growth and iron status of adolescents who remain in basic education.
Since adolescents are in the majority in basic education in sub-Saharan Africa (Partnership for Child Development, 1998c) these results have broad relevance. The ®ndings highlight important differences between boys and girls, which are suggestive of compensatory growth at 12 y for girls and at 16 y for boys. These results suggest a potential bene®t in including schoolchildren in nutritional programmes, possibly through the existing school system (Partnership for Child Development, 1997) . It is however essential to understand the patterns of undernutrition between the sexes more fully and to better understand their causes. It also remains important to assess the impact of intervention on nutritional status and catch-up growth during adolescence, and the contribution this can make to avoiding the long-term consequence of undernutrition in later life. Stunting and anaemia in African schoolchildren NJS Lwambo et al
